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Abstract. We list operators of the superpotential of the effective MSSM that emerges from the NMSGUT up to
sextic degree. We give illustrative expressions for the coefficients in terms of NMSGUT parameters. We also esti-
mate the impact of GUT scale threshold corrections on these effective operators in view of the demonstration that
B violation via quartic superpotential terms can be suppressed to acceptable levels after including such corrections
in the NMSGUT. We find a novel B, B − L violating quintic operator that leads to the decay mode n → e−K+.
We also remark that the threshold corrections to the Type I seesaw mechanism make the deviation of right handed
neutrino masses from the GUT scale more natural while Type II seesaw neutrino masses, which earlier tended
to utterly negligible receive threshold enhancement. Our results are of relevance for analyzing B − L violating
operator based, sphaleron safe, Baryogenesis.
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1. Introduction
Despite various open questions of principle, such as a
mechanism to ensure light Standard Model (SM) Higgs
doublets, and still without any direct experimental proof,
particularly proton decay, GrandUnification models based
on SO(10) remain the most transparent framework to
think about beyond standard model (BSM) physics. In
such grand unification theories (GUTs) neutrino masses
are tightly connected to rest of the fermion masses of
the SM and other high scale parameters. They explain
charge quantization, give gauge and matter (quark- lep-
ton) unification and predict important exotic processes
(proton decay) and parameters (neutrino masses and
mixing).
The effective field theory (EFT) of non- renormaliz-
able higher dimensional operators (HDO) formed from
the fields of the SM plays an essential role in BSM stud-
ies. While the bottom-up approach to the effective the-
ory makes fewer speculations it also gives no clue re-
garding the scale of new physics and the sizes of the
coupling coefficients of HDOs; or rather it fails to uti-
lize the few but strong hints about BSM scales available
from the size of neutrino masses and the unification of
couplings. However given a viable GUT, specially a
supersymmetric (SUSY) one, it is straightforward to
derive the HDOs that correct the leading order renor-
malizable (minimal supersymmetric) standard model,
(MS)SM, that arises from the GUT when superheavy
fields are set to zero, simply by solving the (algebraic)
equations for the heavy (super)fields in the approxi-
mation that their momenta are negligible compared to
their masses. Exotic operators that violate accurate but
apparently accidental symmetries of Standard Model,
such as Baryon (B) and Lepton (L) numbers are obvi-
ously of most interest for developing expectations re-
garding the experimental implication of any particular
UV completion of the SM. HDOs which break B and
L symmetry while preserving B− L are familiar conse-
quences of GUTs. On the other handMajorana neutrino
masses (∆L , 0) require breaking of B − L symmetry
and in fact arise in renormalizable models of Type I and
Type II seesaw via vacuum expectation values (VEVs)
of B − L non-singlet fields. B − L violating processes
may be particularly important for GUT scale baryoge-
nesis because a baryon asymmetry produced via B −
L conserving operators is liable to washout via Elec-
troweak sphaleron processes that are unsuppressed above
MW . On the other hand baryon asymmetry generated
via B − L violating operators that also violate B can
generate a Baryon asymmetry that survives Spahleron
washout [1]. This revives the possibility that the ob-
served baryon asymmetrymay arise at GUT scales rather
than by sphaleron reprocessing of the Lepton asym-
metry generated via B − L violating decay of heavy
righthanded (RH) neutrinos [2]. It is interesting that
this possibility is proposed in the context of the same
theories with gauged B−L (such as SO(10) GUTs) that
Page 2 of 9 Pramana–J. Phys. () :
provide a natural context for Type I and Type II Seesaw
masses.
Minimal Supersymmetric SO(10) Grand Unifica-
tion Theory (MSGUT) [3–5] has been developed over
a long period into a completely realistic scenario com-
patible with known processes, data and structures of
physics up to several hundred GeV, including the criti-
cal BSM phenomenon of neutrino masses, to an extent
that is not rivaled by any other model. Moreover the
solubility of the spontaneous symmetry breaking (SSB)
at GUT scales permits expression of SM data in terms
of GUT couplings, explicit evaluation of GUT scale
threshold corrections and determination of viable B vi-
olation operators. There are a number of other attrac-
tions of the New-MSGUT (NMSGUT): Minimal num-
ber of parameters, R-parity preserving effective MSSM
giving viable SUSY WIMP Dark Matter, large soft tri-
linear (A0) indications in advance of Higgs discovery
[6] etc. Thus the evaluation of the exotic operators
for this theory is of relevance. An attempt in this di-
rection for a closely related model which modifies the
NMSGUT just by adding an additional 10-plet (and
thus shares the same SSB structure at high scales) has
already appeared [7]. It uses the rather unwieldy de-
composition of SO(10) invariants via SU(5)×U(1) max-
imal subgroup of SO(10). However the NMSGUT anal-
ysis mentioned above was via the more symmetric, and
thus somewhat more convenient and transparent, de-
composition of SO(10) in terms of the Pati-Salam (PS)
group GPS ≡ SU(2)L × SU(2)R × SU(4). Thus an eval-
uation of the effective operators and their coefficients
in terms of the GUT coupling using this method is both
possible (given the detailed decompositions we gener-
ated during our previous calculations [8, 9, 6, 10]) and
required considering the need to evaluate the worka-
bility of the NMSGUT as a comprehensive unification
of particle physics i.e. beyond just fitting of SM data
and compatibility with exclusion limits on exotic pro-
cesses. In this proceeding we report on our calculation
of the the effective operators possible in the NMSGUT
superpotential up to terms sextic in the chiral fields and
on their coefficients in terms of GUT parameters up to
terms quintic. We also found one new operator which
was missing in the literature which is relevant to the
study of nucleon decay process in B−L violating baryo-
genesis.
Techniques for computing the decomposition of
SO(10) invariants in terms of PS along with coefficients
of dimension 5 operators for B, L violation were pre-
sented in [8, 6]. The complete spectrum was presented
in [9] for MSGUT and in [6] for NMSGUT. See [11,12]
for related spectrum calculations. Decomposition of the
NMSGUT invariants which contain Higgs doublets as
one of the fields in the invariants were evaluated for the
computations in [10] and are thus available to us.
In Section 2. we discuss the effectiveMSSM theory
emerging from NMSGUT. In Section 3. we will reca-
pitulate the impact of GUT scale threshold corrections
on the strength of coefficients of operators and their im-
pact on proton lifetime estimation. In Section 4. we
discuss impact of threshold correction on B − L vio-
lating processes. In Section 5. we conclude. Tables
of effective superpotential operators are provided in the
Appendix.
2. Effective MSSM from NMSGUT
Effective theories derived by integrating out heavy fields
are familiar from the basic example of the Fermi theory
of beta decay that arises from the Electro-weak theory
by integrating out the heavy W,Z gauge bosons. The
most familiar paradigm for the effective Lagrangian due
to integrating out heavy matter fields is Weinberg’s [13]
unique, L and B−L violating, dimension five, Majorana
mass term for left handed neutrinos. It arises from in-
tegrating out right handed neutrinos with large (B − L
violating) Majorana masses : mνL ∼ YνABLAHLBH/MνR .
If the neutrino Yukawa couplings Yν
AB
are similar in size
to the Yukawa couplings for charged fermions of their
generation, as expected from GUTs, specially SO(10)
GUTs, then the required scale of new physics indicated
by the measured neutrino masses is near the GUT scale.
The scale of new physics can be lowered if these cou-
plings are much smaller. If the leading order contribu-
tions are completely absent, or when violation of super-
selection rules applicable to the lowest dimension ef-
fective operators is relevant (as for B violation or when
B − L violating operators enable sphaleron-safe baryo-
genesis) higher dimensional operators may be signifi-
cant and must be considered.
Neutrino masses and mixing explained through see-
saw mechanism assume a Majorana nature for neutri-
nos. On the other hand it is still perfectly feasible that
right handed neutrinos are in fact light particles and that
neutrino masses are of Dirac type. Oscillation exper-
iments cannot distinguish between these possibilities.
Other L and B−L violating processes such as neutrino-
less beta decay (0νββ) - can however discriminate be-
tween Majorana and Dirac neutrinos. The correspond-
ing effective operator for 0νββ is at least dim-9. There-
fore the scale of new physics can be around the collider
search scale without any serious fine tuning in the pa-
rameters in some models and hence can be probed di-
rectly [14]. B and B − L violating process like n − n¯
oscillation [15–17] emerge from another dim-9 effec-
tive operator. However for high scale B − L violation,
as is the rule for SUSYGUTs, such operators are highly
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suppressed.
The NMSGUT is a SUSY GUT model based on
SO(10) gauge symmetry with all the fermions (includ-
ing right handed neutrino) of one generation residing
in a single 16-plet spinor supermultiplet of Spin(10).
Higgs fields which break gauge symmetry and givemasses
reside in chiral supermultiplets that are 10, 120, 126
(+126), 210 representations of SO(10). Due to the strong
constraints on possible renormalizable SO(10) cubic in-
variants this model enjoys a minimal number of param-
eters versus all competing viable models.
The complete NMSGUT superpotential is [3, 8, 9,
6],
W =
(
hAB10 +
fAB
5!
126 +
gAB
3!
120
)
16A16B
+
MH
2
102 +
mΘ
2(3!)
1202 +
MΣ
5!
126.126
+
MΦ
4!
210.210+
λ
4!
2103 +
η
4!
210.126.126
+
1
2(3!)
120.210.(ζ126+ ζ126) +
κ
3!
10.120.210
+
1
4!
10.210.(γ126+ γ126) +
ρ
4!
120.120.210 (1)
where A, B = 1, 2, 3, h = hT , f = f T and g = −gT . The
decomposition of these representations into SM irreps
gives 26 types of distinct representations which were
therefore conveniently labelled alphabetically [8]. The
decomposition of tensorial representations is detailed in
[8,9,6] together with their mass matrices for mixed and
unmixed states. We will adopt the same nomenclature
here.
For deriving the effective superpotential it is con-
venient to divide fields into three categories accord-
ing to their coupling patterns and masses after SSB :
Green fields are light with masses of order MZ or less
and populate the effective theory. Red fields have large
masses >> MZ but couple with fields in the matter
16-plets. Blue fields do not couple with 16-plets and
are also superheavy. The pair of MSSM Higgs dou-
blets which is light is thus Green and rest (five) of the
Higgs type doublet pairs are Red . Similarly the heavy
right handed neutrino is Red . The Higgs (10, 120, 126)
coupled to matter fields are called fermion mass (FM)
Higgs and the rest (210) are Adjoint mode (AM) Higgs.
The SM decomposition ofWFM is given in eq.(58,60)
of [9] and eq.(5.5) of [6]. The superpotential has Green -
Green -Green (GGG) terms containing SM fermions with
either of the light Higgs pair, Green -Green -Red (GGR)
containing two SM fermions and one heavy FM higgs
field or SM fermion-light Higgs-RH neutrino. WAM
contributes a large number of cubic Blue fields inter-
acting with Blue or Red fields as well as BB and RR
masses, but also contains cubic interactions with Green
Green
u¯, d¯, Q, e¯, L, H, H¯
Red
ν¯, A,C, D, E, F,G, h, J, K,
L, M, N,O, P, t,W
Blue
B, I, Q,R, S ,U,V , X,Y ,Z
Table 1. Nature of the fields
(light Higgs fields). However the light Higgs (by defi-
nition) lack superpotential mass terms.
WGGGFM = H¯
[
− 4√
2
hABU
h†
11
(d¯AQB + e¯ALB)
+ 4
√
2
i√
3
fABU
h†
12
(d¯AQB − 3e¯ALB)
+ 2
√
2gABU
h†
15
(d¯AQB + e¯ALB)
− 2
√
2gAB
i√
3
U
h†
16
(d¯AQB − 3e¯ALB)
]
+ H
(
u¯AQB
) [
2
√
2hABV
h
11 − 4
√
2
i√
3
fABV
h
21
− 2
√
2gABV
h
51 + 2
√
2gAB
i√
3
Vh61
]
(2)
The matrices UΦ,VΦ diagonalize Higgs field superpo-
tential masses as U†MV = Mdiag with the alphabetic
superscripts indicating which of the 13 mixing types is
involved (see [6, 10] for details). WGGR
FM
has two light
matter fields and one heavy Higgs (Red ) field or else
light matter, light Higgs, and RH neutrino:
WGGRFM = Γt¯u¯d¯jˆAB t¯ jˆǫu¯Ad¯B + Γ
t¯QL
jˆAB
t¯ jˆQALB + Γ
tQQ
jˆAB
t jˆ
ǫ
2
QAQB
+ Γ
tu¯e¯
jˆAB
t jˆu¯Ae¯B + Γ
C¯d¯Q
jˆAB
C¯ jˆd¯AQB + Γ
Cu¯Q
jˆAB
C jˆu¯AQB
+ Γ
Du¯L
jˆAB
D jˆu¯ALB + Γ
D¯e¯Q
jˆAB
D¯ jˆe¯AQB + Γ
Ed¯L
jˆAB
E jˆd¯ALB
+ Γ
A¯e¯e¯
AB A¯e¯Ae¯B + Γ
W¯QQ
AB
W¯QAQB + Γ
P¯QL
jˆAB
P¯ jˆQALB
+ Γ
PQQ
jˆAB
ǫ
2
P jˆQAQB + Γ
O¯LL
AB O¯LALB + Γ
Kd¯e¯
jˆAB
K jˆd¯Ae¯B
+ Γ
K¯u¯u¯
jˆAB
ǫK¯ jˆu¯Au¯B + Γ
Lu¯d¯
jˆAB
L jˆu¯Ad¯B + Γ
L¯QQ
jˆAB
L¯ jˆQAQB
+ Γ
FLL
jˆAB
F jˆLALB + Γ
J¯d¯d¯
jˆAB
ǫ J¯ jˆd¯Ad¯B + Γ
h¯d¯Q
ˆ¯kAB
h¯ ˆ¯kd¯AQB
+ Γ
h¯e¯L
ˆ¯kAB
h¯ ˆ¯ke¯ALB + Γ
hu¯Q
ˆ¯kAB
h ˆ¯ku¯AQB + Γ
hν¯L
AB Hν¯ALB
+ Γ
Nd¯d¯
AB Nd¯Ad¯B + Γ
Mu¯u¯
AB Mu¯Au¯B (3)
The coefficients ΓABC
aˆbc
are expressed in terms of GUT
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parameters by equations like
Γ
t¯u¯d¯
jˆAB
=
[
2
√
2hABU
t†
jˆ1
− 4
√
2 fABU
t†
jˆ2
+ 4i gABU
t†
jˆ7
]
Γ
Mu¯u¯
AB = 4
√
2 fAB (4)
and complete expressions will be reported in [18]. The
indices A, B run over three flavor generations of fermions.
The hat over the indices of the Red fields is to indicate
that they are in mass diagonal basis. The index over
heavy Higgs doublets h (h¯) starts from 2 and is distin-
guished by a bar over it.
Similarly WGRR
FM
has one Green and two Redfields
out of which one is heavy neutrino.
WGRRFM = Λtd¯ν¯jˆABt jˆν¯Bd¯A + Λ
E¯ν¯Q
jˆAB
E¯ jˆν¯AQB + Λ
F¯e¯ν¯
jˆAB
F¯ jˆe¯Aν¯B
+ Λ
Ju¯ν¯
jˆAB
J jˆu¯Aν¯B + Λ
hν¯L
ˆ¯kAB
h ˆ¯kν¯ALB (5)
The coefficients ΛABC
aˆbc
are expressed [18] in terms of
GUT parameters by equations like
Λ
td¯ν¯
jˆAB
=
[
−2
√
2hABV
t
1 jˆ
+ 4
√
2 fABV
t
2 jˆ
− 8i fABV t4 jˆ
+4gABV
t
6 jˆ
+ 4igABV
t
7 jˆ
]
(6)
WRRR
FM
has three Redfields and therefore requires two
RH neutrinos.
WRRRFM = −8i fABG5ν¯Aν¯B (7)
Similarly in the adjoint mode we have
WGGRAM = ΥOHHO + ΥO¯H¯H¯O¯ + ΥS HH¯S
+ Υ
G
jˆ
HH¯G jˆ + Υ
F¯
jˆ
HHF¯ jˆ + Υ
F
jˆ
H¯H¯F jˆ (8)
Note that, as first shown in [9] the HHO, H¯H¯O¯ novel
terms are the basis of the Type II seesaw in the MSGUT
due to the RGG term O¯LL in eq.(3). The MOO¯O mass
term implies
〈
O¯
〉
∼ 〈HH〉 /MO leading to Type II masses
for neutrinos. The coefficients ΥAa are expressed [18] in
terms of GUT parameters by equations like
Υ
O
= η2
√
3Vh
21ˆ
Vh
41ˆ
+ iζ
√
3Vh
61ˆ
Vh
41ˆ
+ ζVh
51ˆ
Vh
41ˆ
(9)
Similarly
WGRRAM = ΩhF¯ˆ¯k jˆ Hh ˆ¯kF¯ jˆ + Ω
h¯F
ˆ¯k jˆ
H¯h¯ ˆ¯kF jˆ + Ω
EJ¯
iˆ jˆ
HE iˆ J¯ jˆ
+ Ω
E¯J
iˆ jˆ
H¯E¯ iˆJ jˆ + Ω
tE¯
iˆ jˆ
HtiˆE¯ jˆ + Ω
t¯E
iˆ jˆ
H¯t¯iˆE jˆ
+ Ω
E¯P
iˆ jˆ
HPiˆE¯ jˆ + Ω
EP¯
iˆ jˆ
H¯P¯iˆE jˆ + Ω
h¯G
ˆ¯k jˆ
Hh¯ ˆ¯kG jˆ
+ Ω
hG
ˆ¯k jˆ
h ˆ¯kH¯G jˆ + Ω
JD¯
iˆ jˆ
HJ iˆD¯ jˆ + Ω
J¯D
iˆ jˆ
H¯ J¯ iˆD jˆ
+ Ω
h¯S
ˆ¯k
Hh¯ ˆ¯kS + Ω
hS
ˆ¯k
h ˆ¯kH¯S + Ω
hO
ˆ¯k
Hh ˆ¯kO
+ Ω
h¯O¯
ˆ¯k
H¯h¯ ˆ¯kO¯ (10)
The coefficients ΩAB
aˆbˆ
are expressed [18] in terms of
GUT parameters by equations like
Ω
hF¯
ˆ¯jkˆ
=
4η√
3
Vh
21ˆ
Vh
3 ˆ¯j
U
F†
kˆ2
+ iη2
√
3Vh
31ˆ
Vh
4 ˆ¯j
U
F†
kˆ1
− iρ
3
Vh
51ˆ
Vh
6 ˆ¯j
U
F†
kˆ2
+
iρ√
3
Vh
61ˆ
Vh
4 ˆ¯j
U
F†
kˆ4
+
2iζ√
3
Vh
61ˆ
Vh
3 ˆ¯j
U
F†
kˆ2
+ ζVh
51ˆ
Vh
3 ˆ¯j
U
F†
kˆ2
+ ζ
√
3Vh
31ˆ
Vh
4 ˆ¯j
U
F†
kˆ4
+ ζ¯Vh
51ˆ
Vh
2 ˆ¯j
U
F†
kˆ2
+
2iζ¯√
3
Vh
61ˆ
Vh
2 ˆ¯j
U
F†
kˆ2
− ζ¯
√
3
2
Vh
61ˆ
Vh
4 ˆ¯j
U
F†
kˆ1
+ ζ¯
√
3Vh
21ˆ
Vh
4 ˆ¯j
U
F†
kˆ4
− iζ¯Vh
51ˆ
Vh
4 ˆ¯j
U
F†
kˆ1
+
(
Vh
m1ˆ
Vh
n ˆ¯j
↔ Vh
n1ˆ
Vh
m ˆ¯j
)
(11)
Similarly we will have WRRR
AM
, WGRB
AM
and WRRB
AM
. In
AM contributions G can only be a light Higgs dou-
blet. Going beyond WGRB
AM
is not required for obtain-
ing the sextic effective potential, and the relevant oper-
ators would be even more hopelessly suppressed. Mass
terms of heavy fields are not given here because they
acquire masses both from mass terms and the super-
heavy VEVs of the Higgs fields and the mass matrices
for all such heavy fields are given in [9, 6]. Now us-
ing the equations of motion we sequentially integrate
out Blue fields in terms of Red -Green fields, Red fields
in terms of Green -Green fields. At the end of this sec-
tion we have shown that the superpotential terms with
Blue fields give raise to sextic or higher dimensional ef-
fective operators. The quartic and quintic effective op-
erator purely emerge from the superpotential terms with
one or two Redfields. Plugging them back in to the
superpotential terms leads to effective Green operators.
For example the low energy equations of motion for
Red fields like RH neutrino (see eq.(2)) and F (see eq.(5)
and (8)) give :
ν¯A = −Mν¯AB
−1 [
Γ
hν¯L
BC HLC
]
(12)
F jˆ = −F jˆ jˆ
[
Υ
F¯
jˆ
HH + ΛF¯e¯ν¯
jˆAB
e¯Aν¯B
]
(13)
where F is the inverse of the diagonalized 4 × 4 mass
matrix for F¯ − F type fields, and other coefficients are
like
Γ
hν¯L
AB = 2
√
2hABV
h
11ˆ
+ 4i
√
6 fABV
h
21ˆ
− 2
√
2gABV
h
51ˆ
− 2i
√
6gABV
h
61ˆ
. (14)
Although we have called both ν¯ and A,C · · · Red (see
Table 1) the ν¯masses lie in 107−1013 GeV and are thus
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much lighter than typical GUT scales. This difference
in scales is set by the requirement that the Type I see-
saw masses match the observed neutrino masses. Since
in theMSGUTwe break SO(10) to the SM gauge group
in a single step, and integrating out right handed neutri-
nos in stages increases the complexity without drastic
effects on the neutrino masses we integrate out all the
right handed neutrinos at the GUT breaking scale as
well. An improved treatment [19] would first integrate
out only GUT scale mass particles calculate renormal-
ization group flow corrected couplings at the heaviest
neutrino scale, integrate out the heaviest neutrino and
repeat till the MSSM corrected by the d = 5 Weinberg
operator for Majorana neutrino masses was reached.
While this proceduremay be followed in numerical work,
our intention here is to indicate the effects of GUT scale
thresholds. We shall show below that the same GUT
threshold corrections which suppress proton decay fa-
cilitate the separation of right handed neutrino masses
from GUT scales and hence more natural. Terms com-
ing from ν¯ substitution are more important than generic
RedHiggs fields. Substituting ν¯ from eq.(12) in eq.(13)
we see that term with coefficient ΛF¯e¯ν¯
jˆAB
is subleading
compared to the term with coefficientΥF¯
jˆ
, and will con-
tribute to quintic operator. Similarly, we can see from
eq.(5), the fields E, t¯, J¯ and h¯ will contain such ν¯ depen-
dent terms.
Now, plugging back these results inWGGR
FM
(eq.(3))
andWGGR
AM
(eq.(8)) we get the following quartic super-
potential at the leading order
W4 =W4(1,1) +W4(0,0) +W4(−1,−1) +W4(0,2)
W4(1,1) = LABCD
ǫ
2
QAQBQCLD
W4(−1,−1) = RABCDǫe¯Au¯Bu¯C d¯D
W4(0,2) = PIAB(LALB)(HH) + PIIAB(LAH)(LBH)
W4(0,0) = QIABCD(QALB)u¯C e¯D + QIIABCD(QAd¯D)(QBu¯C)
+QIII (H¯H)(H¯H) + QIV (H¯H¯)(HH) (15)
where subscripts on the superpotential components de-
note the (B, L) numbers. The coefficients LABCD and
RABCD are given in eq.(5.7 & 5.8) of [6] and other coef-
ficients are like
PIAB = −ΓFLLjˆABF jˆ jˆΥ
F
jˆ
, (16)
where ΓFLL
jˆAB
= −(2
√
2gAB)V
F
4 jˆ
and
Υ
F
jˆ
=
[
− 4η√
3
U
h†
1ˆ2
U
h†
1ˆ3
VF
2 jˆ
− iη2
√
3U
h†
1ˆ2
U
h†
1ˆ4
VF
1 jˆ
+
iρ
3
U
h†
1ˆ5
U
h†
1ˆ6
VF
2 jˆ
− iρ√
3
U
h†
1ˆ6
U
h†
1ˆ4
VF
4 jˆ
− 2iζ√
3
U
h†
1ˆ6
U
h†
1ˆ3
VF
2 jˆ
+ ζ
√
3U
h†
1ˆ3
U
h†
1ˆ4
VF
4 jˆ
+ iζU
h†
1ˆ5
U
h†
1ˆ4
VF
1 jˆ
− ζUh†
1ˆ5
U
h†
1ˆ3
VF
2 jˆ
− ζ
√
3U
h†
1ˆ6
U
h†
1ˆ4
VF
1 jˆ
− 2iζ¯√
3
U
h†
1ˆ6
U
h†
1ˆ2
VF
2 jˆ
− ζ¯Uh†
1ˆ2
U
h†
1ˆ5
VF
2 jˆ
+ ζ¯
√
3U
h†
1ˆ2
U
h†
1ˆ4
VF
4 jˆ
+ ζ¯
√
3U
h†
1ˆ2
U
h†
1ˆ4
VF4 j
]
(17)
and similarly we can find PII
AB
and QI,II,III,IV
ABCD
[18]. As
explained above, in the dim-4 superpotentialW(4)
(0,2)
there
exist operators which are Type I and II seesaw terms
and violate B−L. The operator inWGGR
FM
+WGGR
AM
with
fields F, E, t¯, J¯, h¯ will also give rise to contributions to
quintic operators since F, E, t¯, J¯, h¯ are O(G3) through
ν¯.
The other quintic effective superpotential terms arise
from integrating out two Red fields fromWGRR
FM
+WGRR
AM
.
There are three types of quintic operators:
W5 = W5(−1,1) +W5(0,2) +W5(0,0)
W5(−1,1) = F IABCD(HLA)ǫd¯Bd¯C u¯D + F IIABCD(H¯LA)ǫd¯Bd¯C d¯D
W5(0,2) = G
I
ABCDd¯A(HQB)(LCLD) +G
II
ABCDd¯A(HLB)(QCLD)
+GIIIABCDe¯A(HLB)(LC LD)
W5(0,0) = H
I
ABe¯A(HLB)(H¯H¯) + H
II
ABe¯A(H¯LB)(HH¯)
+HIIIABu¯A(H¯QB)(HH) + H
IV
ABu¯A(HQB)(HH¯)
+HVABd¯A(H¯QB)(HH¯) + H
VI
ABd¯A(HQB)(H¯H¯) (18)
and the coefficients are like
F IABCD =
[
Γ
t¯u¯d¯
jˆDC
T jˆ jˆΛtd¯ν¯jˆBE + Γ
J¯d¯d¯
jˆBC
J jˆ jˆΛJu¯ν¯jˆDE
]
(M−1ν¯ )EFΓhν¯LFA
−
[
Ω
JD¯
iˆ jˆ
JiˆiˆΓJ¯d¯d¯iˆBCD jˆ jˆΓ
Du¯L
jˆDA
]
−
[
Ω
tE¯
iˆ jˆ
TiˆiˆΓt¯u¯d¯iˆDBE jˆ jˆΓ
Ed¯L
jˆCA
]
F IIABCD =
[
−ΩE¯J
iˆ jˆ
EiˆiˆΓEd¯LiˆBA J jˆ jˆΓ
J¯d¯d¯
jˆCD
]
(19)
where T , J , D and E are the inverse of mass matri-
ces Mt, MJ, MD and ME respectively. Since Mν¯ <<
Mt,J,D,E , the first term of coefficient F
I
ABCD
in eq.(19) is
most significant. Patterns of the coefficients Γ,Λ andΩ
are given in eq.(4, 14), (6) and (11).
Most interestingly, here we have B, L and B − L vi-
olating operators W5
(−1,1). They open B − L violating
channels to nucleon decay. The operator (HLA)ǫd¯Bd¯C u¯D
has a contribution fromWGRR
FM
with one Red field being
the right handed neutrino, and was discussed in [1,7]. It
also gets a contribution fromWGRR
AM
through HJD¯ and
HtE¯ terms (see eq.(8)). In addition to that we have a
new quintic operator (H¯LA)ǫd¯Bd¯C d¯D - with coefficient
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ABCD
as given in eq.(19) - which arises from H¯E¯J of
WGRR
AM
. We will emphasize its importance in Section 4..
At the next to leading order WGRR
FM
+WGRR
AM
also
contributes to sextic operator. From the discussion above
we can easily infer that the leading order effective su-
perpotential emerging fromWRRR will be sextic in or-
der. Similarly, integrating out the Blue field effectively
gives B ∼ GR/MB + RR/MB which, on replacing the
Red field, becomes
B ∼ GGG
MRMB
+
GGGG
M2
R
MB
+ O(G5/M4X). (20)
Therefore, we see that the leading effective operators
emerging fromWGRB
AM
are also sextic. The effective op-
erator emerging from WRRB
AM
are septic or higher. We
have listed all the sextic operators emerging fromWGRR
FM
,
WGRR
AM
, WRRR
AM
and WGRB
FM
in Table 4, and have sepa-
rated out the class of sextic operators emerging only
from WGRB
FM
in Table 5.
3. Threshold enhancements and proton decay
The problem of fast proton decay in NMSGUT due to
quartic terms in the effective superpotential, which has
accompanied Supersymmetric GUTs from the begin-
ning [20] can be rectified if GUT scale threshold cor-
rections to matter fermion and MSSM Higss vertices
are incorporated [10]. Due to the large number of heavy
chiral multiplets a large wave function renormalization
arises driving the light Higgs fields close to dissolu-
tion (ZH,H¯ ≃ 0), which modify MSSM-GUT Yukawa
matching condition. Rewriting the renormalized Ki-
netic term
LKin =
[∑
A,B
f¯
†
A
(Z f¯ )
B
A f¯B + f
†
A
(Z f )
B
A fB
+H†ZHH + H¯†ZH¯H¯
]
D
+ · · · (21)
with canonical normalization requires the transforma-
tion [10]
f = UZ fΛ
−1/2
Z f
f˜ , f¯ = UZ f¯Λ
−1/2
Z f¯
˜¯f ,
H = H˜/
√
ZH, H¯ =
˜¯H/√ZH¯ , (22)
where ΛZ = U
†ZU is diagonal, and the Yukawa cou-
plings become
Y˜ f = Λ
−1/2
Z f¯
UTZ f¯
Y f√
ZH f
UZ fΛ
−1/2
Z f
, (23)
and these Y˜ f are to be matched with MSSM Yukawa
couplings (not the original tree level Y f ). The crucial
point is that if ZH is small, the Spin(10) Yukawa cou-
plings {h, f , g}AB required to match the SMYukawa cou-
plings are small compared to what they would be in
the absence of threshold corrections. Since the coef-
ficients of quartic superpotential baryon decay opera-
tors depend on {h, f , g}AB and not on ZH,H¯ it follows
that these operators can be suppressed by one power,
and the baryon decay rate by two powers of ZH,H¯. For
small enough ZH,H¯ this pushes the proton lifetime into
an acceptable range, specially when one recalls that the
freedom to utilize the sfermion diagonalization matri-
ces can significantly soften [21] the B violation prob-
lem [22].
4. B − L violating processes
Rectification of the quartic operator proton decay prob-
lem is not the only outcome of threshold corrections.
Every effective operator may get corrected. Let us first
look for seesaw operators which give B − L violating
processes.
Type I seesaw:
The relevant part of the superpotential is
W ⊃ Γhν¯LHν¯L + 1
2
Mν¯ν¯ν¯ . (24)
Integrating out the Redfield ν¯ produces Type I seesaw
quartic operator
Oν ≃ −
(
Γ
hν¯L
)2 (LH)2
2Mν¯
which can be written in the canonical basis as
Oν ≃ −
(
Γ˜
hν¯L
)2 (L˜H˜)2
2M˜ν¯
(25)
where Γhν¯L
AB
is given in eq. (14), Γ˜ = Γ/
√
ZHΛZLΛZν¯ is
the
√
ZH boosted tree level Yukawa coupling for the
right handed neutrinos and M˜ν¯ = Mν¯/ΛZν¯ . Since typ-
ically [10] the wave function renormalization in Γ˜hν¯L
only brings the suppressed SO(10) Yukawa couplings
h, f , g to ordinary MSSM magnitudes and the required
size of M˜ν¯ and therefore fAB is fixed by the observed
neutrino masses the Type I seesaw acquires an enhance-
ment only in the sense that the 126 coupling fAB that en-
ters M˜ν¯ is the unboosted one : making it somewhat eas-
ier to achieve righthanded neutrinomassesmuch smaller
than the GUT scale, while the coupling fAB that enters
the Yukawa couplings that determine the Dirac masses
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of SM fermions is the boosted one. Thus the rescal-
ings with small
√
ZH make the realistic Type I Seesaw
more realistic and explain also the wide divergence of
the right handed neutrino mass and the GUT scale.
Type II seesaw:
On the other hand we have [9, 6]
W ⊃ ΓO¯LLAB O¯LALB + ΥO¯H¯H¯O¯ + ΥOHHO + MOO¯O
Oν ≃ −ΓO¯LLAB ΥO
(LALB)(HH)
MO
= −Γ˜O¯LLAB ΥO
(L˜AL˜B)(H˜H˜)√
ZH MO
(26)
where ΓO¯LL
AB
= 4
√
2 fAB,Υ
O is given in eq. (9) and Γ˜O¯LL =
Γ
O¯LL/(ΛZL
√
ZH). This operator gets Z
−1/2
H
enhancement
after counting Z
−1/2
H
towards bringing fAB to MSSM
Yukawa levels. Therefore, for small ZH, the Type II
seesaw has a better chance of making a significant con-
tribution to the neutrino masses. This might have re-
vived a possibility that had been dismissed with some
effort [23–25], but in practice numerical fits tend to
show that the boost still leaves the Type II seesaw con-
tribution short of, or barely at, the milli-eV range.
Nucleon decays (B − L , 0): In Table 2 the quartic ef-
fective operators are listed. The quartic baryon number
violating operators for nucleon decay preserve B − L.
The B − L violating processes like p → νK+, n →
e−K+, e−π+ can only arise via a different mechanism.
However at the quintic operator level (see the operators
listed in Table 3), we have two operators which violate
B, L and B − L. Since the VEV of H field picks the
neutrino in the operator ǫd¯Ad¯Bu¯C(LDH), it allows neu-
tron decay process with neutral leptons n → νK0 only.
But, in the new operator ǫd¯Ad¯Bd¯C(LDH¯) the VEV of
H¯ field picks the charged lepton allowing n → e−K+.
Therefore, this operator seems novel and needs to be
included in the discussion of B − L violating Baryo-
genesis supported by SO(10) GUTs [1]. The life time
for processes due to W5
(−1,1) is proportional to |F I,II |−2
(see eq.(19)). Thus we estimate that the additional pres-
ence of a light Higgs field in the operator implies that
the suppression factor on the rate relative to the sup-
pressed threshold corrected quartic operator rate is of
order 〈H〉2 /(M2
X
ZH) so that at best
τn→νK0, e−K+ ∼ ZH1058 yrs, (27)
The effect of threshold corrections relative to the ad-
ditional high scale suppression is thus modest. Thus
in the NMSGUT the lifetime for these B − L violating
modes is too large for direct detection. Its significance
for B − L mediated Baryogenesis needs detailed evalu-
ation in view of the additional possibilities for CP vio-
lation, or exceptional parameter combinations in these
operators.
5. Conclusions
We have presented the gist of our results concerning the
effective superpotential emerging fromNMSGUT up to
terms sextic in the light fields. We have also discussed
how the GUT scale threshold corrections which res-
cue [10] the phenomenologically successful NMSGUT
[4, 3, 5, 9, 6] impact various processes including B − L
violating processes. We noted that the Type II seesaw
neutrino masses are boosted sufficiently by threshold
corrections to require inspection for significance in de-
tailed fits. Examples of expressions for the coefficients
of the effective operators were given here but detailed
results will be presented elsewhere [18] due to their
length. As is always true in Supersymmetric R-parity
preserving GUTs, since the survival hypothesis fails
due to intermediate scales resulting in large pseudo-
goldstone multiplets ruining gauge coupling unification
[3], the B − L, SU(2)R violation scales are required to
be quite near the GUT scale. Hence the novel higher
dimension operators, failing the discovery of anoma-
lously enhanced coefficients for some special case, are
severely suppressed, in spite of the enhancement by the
near dissolution values (ZH,H¯ << 1) of the light Higgs
renormalization factors. A detailed evaluation of the
feasibility of B− L violating Baryogenesis will be con-
sidered once a fully satisfactory fit taking account of off
diagonal coupling matching at the Susy breaking scale
is completed [18].
Appendix
In this Appendix we present tables of the different types
of effective superpotential operators, upto sextic order,
that we found by integrating out heavy fields using the
superpotential (momentum independent) equations of
motion.
Acknowledgement
CSA acknowledgesDST research grant EMR/2014/000250.
SK acknowledgesDST research grant EMR/2014/000250
for post doctoral support. RLA acknowledges SERB-
DST for national postdoctoral fellowship, PDF/2016/000863.
Page 8 of 9 Pramana–J. Phys. () :
W = Od=4/MX
Operators Oi B L B−L Enh.
1 ǫQAQBQCLD 1 1 0 No
2 QALBu¯C e¯D 0 0 0 No
3 QAQBu¯C d¯D 0 0 0 No
4 ǫe¯Au¯Bu¯C d¯D −1 −1 0 No
5
(LALB)(HH),
0 2 −2 1/ZH
(LAH)(LBH)
6
(H¯H)(H¯H),
0 0 0 1/Z2
H
(HH)(H¯H¯)
Table 2. Quartic Effective Superpotential Operators from
NMSGUT.
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